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To improve the toughness of epoxy resin, and clarify the complex interrelationship
between the miscibility, morphology, toughness and composition of epoxy
resin/graft copolymer blends, amphiphilic polysiloxane graft copolymers 

(F6-PMSs) with different contents of polyether were synthesized via hydrosilylation
between epoxy-immiscible poly(methylhydrosiloxane) and epoxy-miscible allyl 
polyoxyethylene polyoxypropylene ether (F6) to modify diglycidyl ether of bisphenol A
(DGEBA). The miscibility of amphiphilic graft copolymers with epoxy resin was 
investigated by observing the transparency of the modified epoxies before and after
curing and by detecting the glass transition temperature (Tg) of the cured epoxies using 
differential scanning calorimetry. The morphologies of the cured epoxies were studied
by scanning electron microscopy, and the toughness in terms of tensile and impact
strength were examined by tensile and impact testing. Results indicated to higher 
miscibility of polysiloxane with DGEBA by grafting with polyether. Relative to the neat
epoxy network, the polysiloxane modified epoxies exhibited lower Tgs and with the
increased polyether in graft copolymer, there was a decreasing trend noticed in Tg . The
nanostructures were obtained for the modified epoxies with different F6 to PMS ratios
(5 wt% of DGEBA). The formation of the nanostructures in the thermosetting 
composites was judged by following the self-assembly and reaction-induced 
mechanisms, mainly dependent on the miscibility of graft copolymer with epoxy resin.
Moreover, toughness of the epoxy networks was greatly improved by F6-PMS of
100/100 weight ratio at relatively low addition levels.

INTRODUCTION

Epoxy resins are widely used in
diverse areas such as coatings,
adhesives and electronic polymeric
materials, especially in electronic
packaging materials because of
their superior mechanical proper-
ties, excellent thermal resistance
and good processability [1-3].
However, these products also tend
to be rather brittle due to their high
cross-link density and are therefore
prone to fracture. Thus, a con-

siderable amount of work has been
undertaken in an attempt to
enhance the toughness of these
materials [4]. 

Polysiloxanes have high 
flexible Si-O-Si backbone [5], with
no toxicity [6], and favourable
thermal and oxidative stability as
well as low surface tension and
good weatherability [7]. However,
epoxy and polysiloxane systems
are immiscible and their com-
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pounding is difficult. Using block copolymers 
containing silicone to make polysiloxane homo-
geneously dispersed in the epoxy matrix is a common
way to increase its compatibility with epoxy matrix
[8-12]. Polysiloxane containing block copolymers
could also form nanostructures in the epoxy resin [10-
13], and significantly toughen the epoxy resin
[10,13]. Thus, polysiloxanes containing block
copolymers are proper toughening agents.
Polysiloxane containing graft copolymers can also
improve the compatibility between polysiloxane and
epoxy matrix, and further toughen the epoxy. Huang
et al. [14] synthesized polyether grafted polysiloxane,
which can be homogeneously dispersed in the epoxy
resin, and reduce friction coefficient of the epoxy
resin. Tong et al. [15,16] showed that the miscibility
of polydimethylsiloxane (PDMS) with epoxy can be
improved by grafting it with glycidyl methacrylate
(GMA). The graft segments of PMMA and PGMA on
the surfaces of siloxane particles enhance their 
compatibility with the epoxy and ensure homoge-
neous distribution of the particles leading to an 
effective toughening effect. To disperse RTV-silicone
elastomer as fine particles in a bisphenol-A epoxy
resin, silicone-methylmethacrylate graft copolymer
was used as a compatibilizer [17]. Cao et al. [18] 
prepared grafted silicon rubbers (g-SRs) by 
copolymerization of methyl vinyl silicone rubber
with vinyl acetate to modify epoxy resin, and 
reinforce and toughen this resin by the addition of 
g-SRs. However, the complex interrelationship
between the miscibility, morphology, toughness and
composition of these thermoset/graft copolymer
blends has not yet been clarified.   

In order to toughen epoxy resin, and investigate
the interrelationship between the miscibility, 
morphology, toughness and composition of epoxy
resin/amphiphilic polysiloxane graft copolymer
blends, amphiphilic polysiloxane graft copolymers
with different contents of polyether were synthesized
by hydrosilylation between poly(methylhydrosilox-
ane) (PMHS) and allyl polyoxyethylene poly-
oxypropylene ether (F6). These amphiphilic graft
copolymers were able to form nanostructures in
epoxy resins. The obtained copolymers were used to
modify DGEBA using 4,4´-diaminodiphenylmethane
(DDM) as the curing agent. The effects of the content

of copolymers with their polyether content on the
miscibility, thermal and mechanical properties of the
cured epoxy resins were investigated by differential
scanning calorimetry (DSC), and tensile and impact
testing. The morphologies of the cured resins were
studied by means of scanning electron microscopy
(SEM) as well.

EXPERIMENTAL

Materials
Diglycidyl ether of bisphenol A (DGEBA) with 
epoxide equivalent weight of 185-205 g/eq. was 
purchased from Guangzhou EPOS Trading
Development Ltd. (Guangzhou, China). The curing
agent, 4,4´-diaminodiphenylmethane (DDM), was
supplied by Shanghai SSS Reagent Co., Ltd.
(Shanghai, China). Poly(methylhydrosiloxane)
(PMHS) (average molecular weight (Mn) = 7266,
polydispersity index (PDI) = 1.57, and hydrogen 
content = 0.186 wt%) was from Jiangxi Xinghuo
Chemical Works (Yongxiu, China). Allyl polyoxy-
ethylene polyoxypropylene ether (F6, average 
molecular weight (Mn) = 1200) was purchased from
Yangzhou Chenhua Science and Technology Group
Co., Ltd. (Yangzhou, China) and vacuum-dried prior
to use. H2PtCl6 was obtained from Shanghai No. 1
Reagent Plant (Shanghai, China) and its isopropanol
solution (0.025 g/mL) was used as catalyst in
hydrosilylation.

Preparation of Amphiphilic Graft Copolymers 
Amphiphilic graft copolymers were prepared by
reacting poly(methylhydrosiloxane) (PMHS) with
allyl polyoxyethylene polyoxypropylene ether (F6)
using H2PtCl6 as catalyst. 100 g PMHS, and 30, 50,
70, 100 or 150 g F6 and 130, 150, 170, 200 or 250 g
toluene were placed in a three-necked round-
bottomed flask with magnetic stirring, thermometer
and condenser tube. After purging with nitrogen at
75°C for 30 min, 0.13, 0.15, 0.17, 0.2 or 0.25 mL
H2PtCl6 isopropanol solution was added to the flask,
and reacted at 110°C for 4 h under the protection of
nitrogen. Then superfluous n-propanol was added and
kept at 100°C for 2 h under the protection of nitrogen
to consume the unreacted Si-H bonds. Finally, the
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solvent and the unreacted n-propanol were removed
on a rotary evaporator. The obtained products 
(F6-PMSs) were light yellow transparent oily liquid.
The synthetic scheme and the feed compositions are
shown in Figure 1 and Table 1, respectively.

Preparation of Epoxy Thermosets Containing
Amphiphilic Graft Copolymers
All the samples were cured under the same condition
using DDM as curing agent. The polyether-grafted
polysiloxanes were added to DGEBA in an oil bath at

90°C with continuous stirring until the homogeneous
mixtures were obtained. After that, a stoichiometric
amount of DDM relative to DGEBA was added to the
systems with vigorous stirring until homogeneous
blends were obtained. Then the whole mixtures were
degassed in a vacuum oven. The above mixing
process of all samples was about 20 min. Finally, the
ternary mixtures were poured into preheated stainless
steel moulds and cured at 80°C for 5.5 h, plus 150°C
for 2 h and 180°C for 2 h in vacuum to obtain a 
complete curing reaction. The thermosetting blends
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Figure 1. The synthesis of amphiphilic polysiloxane graft copolymers.

Graft 
copolymers

F6/PHMS
weight ratio

Mna (g/mol) Polydispersity
indexCalculatedb Measuredc

F6-PMS30
F6-PMS50
F6-PMS70
F6-PMS100
F6-PMS150

30/100
50/100
70/100

100/100
150/100

9446
10899
12352
14532
18165

9355
10534
12515
15091
17456

2.05
2.01
1.94
1.87
1.76

Table 1. The feed compositions of the hydrosilylation and GPC measurements of polysiloxane graft copolymers.

(a) Number-average molecular weight; (b) calculated by feed composition; (c) measured by gel permeation chromatography.



containing F6-PMSs up to 30 wt% were prepared.
The compositions used in this study are exhibited in
Table 2.

Characterization
The infrared spectrum (FTIR) was recorded with a
WQF-410 FT-IR (BRAIC, China). 1H NMR was 
performed on a 400 MHz Brüker NMR spectrometer
(Brüker, Germany) using CDCl3 as solvent and
tetramethylsilane (TMS) as an internal standard.

The molecular weights of amphiphilic graft
copolymers were determined on a Waters 515-410 gel
permeation chromatography (Waters, America) with
calibration by polystyrene standards, and the 
measurements were carried out at 25°C with tetra-
hydrofuran as an eluent at the rate of 1.0 mL/min.

The differential scanning calorimetry (DSC) 
measurements were performed on a Pyris-1 thermal
analysis apparatus (Diamond DSC, Perkin-Elmer,
America) in a dry nitrogen atmosphere. The 
instrument was calibrated with standard indium. All
samples (~13 mg), cut into small pieces, were first
heated to 200°C and held at this temperature for 3
min to remove the thermal history, followed by
quenching to 60°C, then heated from 60°C to 200°C.
A heating rate of 20°C/min was used in all cases.
Glass transition temperature (Tg) was taken as the
midpoint of the heat capacity change. The reported
values of Tgs were an average of three samples.

The fracture surfaces of the specimens from
impact testing were observed with scanning electron

microscopy (SEM; XL-30, Philips-FEI, Holland)
with an accelerating voltage of 15 kV.

The tensile strength of the cured specimens was
measured with a CMT7503 Electric Universal
Testing Machine (SAVS, China) at a cross-head
speed of 10 mm/min according to ASTM D638-2008.
The gauge length of the specimens was 7.62 mm. The 
values were taken from an average of at least five
specimens. 

The impact strength of the cured specimens was
tested with Charpy Impact Machine Tester (WPM
Leipzig, Germany) at 25°C. The specimens were
unnotched, and the average dimensions of the 
samples were 60 mm (length) × 6.0 mm (width) × 
4.5 mm (thickness), (errors < ± 0.1 for width and
thickness and < ± 0.2 for length). The reported results
of impact testing were an average of at least five 
samples.

RESULTS AND DISCUSSION

Synthesis and Characterization
The amphiphilic graft copolymers were synthesized
by hydrosilylation between PMHS and F6 using
H2PtCl6 as catalyst and toluene as solvent (Figure 1).
The average molecular weights of the amphiphilic
graft copolymers were obtained by the use of GPC.
The GPC data are shown in Table 1. As observed, the
molecular weights (Mn) of polyether-grafted 
polysiloxanes obtained by GPC are similar to those 
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Sample
code

Graft
copolymers

DGEBA/graft copolymer 
weight ratio

Uncured
sample

Cured
sample

Tg

(°C)

1
2
3
4
5
6
7
8
9

-
F6-PMS30
F6-PMS50
F6-PMS70
F6-PMS100
F6-PMS100
F6-PMS100
F6-PMS100
F6-PMS150

100/0
100/5
100/5
100/5
100/2
100/5
100/10
100/30
100/5

Transparent
Opaque
Semi-transparent
Transparent
Transparent
Transparent
Transparent
Transparent
Transparent

Transparent
Opaque
Opaque
Opaque
Opaque
Opaque
Opaque
Opaque
Transparent

162.1
142.6
156.9
158.2
161.2
160.3
156.3
140.2
160.0

Table 2. The glass transition temperatures of the cured epoxy resins and the miscibility between polysiloxane graft
copolymers and DGEBA before and after curing.



Figure 2. FTIR spectra of (a) PMHS, (b) F6, and (c) F6-
PMS100.

calculated from the feed compositions, which indicate
that the F6 was successfully grafted to PMHS. Figure
2 shows the FTIR spectra of PMHS (a), F6 (b) and
F6-PMS100 (c). Compared with Figures 2a and 2b, in
Figure 2c the peaks at 2126 cm-1 and 912 cm-1

representing the Si-H bond absorption of the PMHS
and the peak at 1640 cm-1 representing the allyl 
double bond absorption of the F6 have disappeared,
which indicate that F6 was completely grafted onto
PMHS, and the Si-H bond was fully consumed after
the hydrosilylation of F6 and PMHS and the blocking
reaction of n-propanol and F6-PMHS. In Figure 2c
the absorption peak at 3400-3600 cm-1 represents the
-OH of the synthesized F6-PMS100, the peaks at
1100-1000 cm-1 belong to C-O, Si-O-C and Si-O-Si,
and the peaks at 800 cm-1 and 1260 cm-1 are 
attributed to the νC-H and the δSi-C of Si-CH2 and 
Si-CH3, respectively. The formation of peaks at 
0.05 ppm (Si-CH2, Si-CH3), 1.13 ppm (C-CH2-C, 
C-CH3), 3.50 ppm (CH2-O, CH-O), 1.63 ppm (-OH),
and the disappearance of peaks at 4-6 ppm (CH2=CH)
and 4.7 ppm (Si-H) in the 1H NMR spectrum 
(Figure 3) further indicate the reaction between the F6
and PMHS has been completed, and the Si-H is fully
consumed.

Figure 3. 1H NMR spectrum of F6-PMS100.

Miscibility Studies and Glass Transition
Temperatures
The knowledge of the miscibility and phase 
behaviour in the thermosetting blends of epoxy with
graft copolymers is important in order to understand
the formation of microstructures in the thermosets
containing the graft copolymers. It was observed that
as the curing reaction proceeds, the initially 
homogeneous and transparent mixtures gradually
become opaque, indicating that the reaction-induced
phase separation has occurred [19] for the F6-PMS70
and F6-PMS100 modified epoxies. For the F6-
PMS50 modified epoxy resin, the initial mixtures
have been semi-transparent and gradually become
opaque, suggesting that the self-assembly and 
reaction-induced phase separations have coexisted.

It is imperative to investigate the miscibility in the
thermosetting blends of epoxy and graft copolymer.
When DGEBA was directly blended with PMHS, the
macroscopic phase separation was very conspicuous,
due to the bad compatibility of polysiloxane with
epoxy matrix. Most of the PMHS migrated to the 
surface of the epoxy resin during the curing process.
As it is shown in Table 2, graft copolymers modified
epoxies were transparent before gelation when the
polyether content reached at least 70 wt%. For the F6-
PMS30 modified epoxy, macroscopic phase 
separation was also very serious before curing, and
the second phase became smaller for the F6-PMS50
modified epoxy which was also opaque. This is
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explained by the fact that polyether (F6) has good
miscibility with epoxy resin, and with increasing 
polyether content the miscibility of graft copolymer
with epoxy matrix is increased. Nevertheless, the
cured epoxy resins were all opaque except F6-
PMS150 modified epoxy resin, which was attributed
to the curing process of the thermoset precursor. The
molar mass increase was followed by a decrease in the 
conformational entropy of mixing, and the phase 
separation between the thermoplastic and the 
step-growing thermoset network which occurs 
generally well before gelation [20]. The transparency
of the modified epoxies could be due to the fact that
the second phase was too small to scatter light or that
the refractive index of the phases is close enough to
prevent light scattering [21]. Thus, the transparency
of F6-PMS150 modified epoxy resin before and after
curing indicated that F6-PMS150 has better 
miscibility with epoxy matrix compared to other 
systems. 

Hydro et al. [21] studied miscibility between 
triblock copolymers and epoxy resin by detecting the
Tgs of the cured epoxies. Thus the miscibility studies
by detecting the Tgs were also conducted using DSC.
The Tgs of the various epoxies studied are contained
in Table 2 and Figures 4 and 5. It can be easily
observed that Tg is decreased with the introduction of
graft copolymers (Figures 4 and 5 and Table 2). This
implies that the graft copolymer did not completely
lead to phase separation from the epoxy matrix [21].
The lower Tgs of the modified epoxies relative to the
neat epoxy can be attributed to the very low Tg of
polysiloxane (-123°C) [22], the plasticization of the
polyether chains and the descending cross-link 
density of the epoxy network. The Tg decreased
sharply for the F6-PMS30 modified epoxy resin
(142.6°C), then it rose to 156.9°C for the F6-PMS50
modified epoxy resin and kept basically invariable for
F6-PMS100 and F6-PMS150 modified epoxy resins
(~160.0°C) (Figure 4). That is because F6-PMS30 has
poor compatibility with epoxy matrix, with only 30
wt% polyether in the graft copolymer, the strength of
hydrogen bonding was not strong enough to 
prevent the macroscopic phase separation which
markedly reduced the cross-link density of the epoxy
network. While for the F6-PMSs with more than 
50 wt% polyether, they have enough compatibility 

Figure 4. Glass transition temperature of the cured epoxy
resins modified with (5 wt%) as a function of polyether 
content relative to polysiloxane.

with epoxy matrix and can disperse homogeneously
in the epoxy matrix, and with the content of polyether
increasing, the hydrogen bonding interaction between
the F6-PMS and epoxy matrix becomes strong, which
partially hinders the segmental motion of the cured
epoxy resins. 

Moreover, it can be observed from Figure 5 that
with the higher content of F6-PMS100, the Tg of 
F6-PMS100 modified epoxy resin decreases, and its
decrease is small when the amount of F6-PMS100
added is below 5 wt% of DGEBA, while Tg is
decreased rapidly after the F6-PMS100 content 

Figure 5. Glass transition temperature of the modified
epoxy resins as a function of F6-PMS100 content.
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reaches 10 wt%. This can be explained by the fact
that when the content of F6-PMS100 increases, the
extent of low temperature flexibility of the polysilox-
ane and the plasticization of the polyether chains
influence on Tg of modified epoxy network are
increased. When the F6-PMS100 content reaches 
10 wt%, the aggregation between the F6-PMS100
molecules occurs, which results in the bigger size of
second phase and seriously affects the cross-link 
density of the epoxy network, resulting in lower Tgs
of the epoxy networks.

Morphology of the Cured Samples
Figures 6 and 7 exhibit the scanning electron
microscopy (SEM) images that illustrate the 
morphologies of fracture surfaces of cured epoxy
resins modified with polysiloxane graft copolymers 
(5 wt% and 30 wt% ).

Generally, larger and deeper cavities are 
characteristics of rubber modified epoxy resins.
These cavities represent the initial position of the 
rubber particles, which are pulled out or broken 
during the fracture process [23]. As can be observed
from Figure 6, all the F6-PMS50, F6-PMS70, 
F6-PMS100 and F6-PMS150 are evenly dispersed in
epoxy matrix, because the epoxy-miscible polyether
(F6) improvs the compatibility of polysiloxane with
epoxy resin. When the polyether content reaches 
50 wt% relative to polysiloxane, the graft copolymer
has enough strength to prevent the macroscopic phase
separation, due to the hydrogen bonding interactions
between polyether chain segments and epoxy resin
[24]. Moreover, Figures 6a-6c exhibit nanostructures
(a: 100 nm, b: 150 nm and c: 150 nm). F6-PMS70 and
F6-PMS100 modified epoxies have bigger but fewer
microparticles than F6-PMS50 modified epoxy,
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(a) (c)

(b) (d)

Figure 6. Morphology of fractured surfaces of cured epoxy resins modified with graft copolymers (5 wt%): (a) F6-PMS50
modified epoxy resin, (b) F6-PMS70 modified epoxy resin, (c) F6-PMS100 modified epoxy resin, (d) F6-PMS150 
modified epoxy resin.



which presumably because F6-PMS70 and 
F6-PMS100 have higher molecular weights with
identical composition they include less molecules 
compared to F6-PMS50. With the polyether content
increased in graft copolymer, the fracture interface
becomes more and more undefined, and the 
nanostructures become more and more irregular,
which could be due to the reaction-induced 
mechanism for the formation of microspheres [24-
26]. With the polyether content increasing, the
strength of hydrogen bonding between the graft
copolymers and epoxy matrix is increased. For the
F6-PMS70 and F6-PMS100 modified epoxies, the
microscopic phase separation has happened during
the curing process which is from the transparency
before and after curing (Table 2). For the F6-PMS100
modified epoxies, the hydrogen bonding is strong,
which has partially hindered the microphase 

separation, and some chain segments of the graft
copolymer were fixed before being separated to form
regular microspheres, resulting in irregular particles
in the epoxy network. Nevertheless, with 150 wt%
polyether in graft copolymer, the F6-PMS150 
modified epoxy resin has enough hydrogen bonding
to prevent the microphase separation, thus there is no
obvious microscopic phase separation exhibited
(Figure 6d), which further indicates that F6-PMS150
has better miscibility with epoxy matrix than other
graft copolymers. It should be pointed out that the 
difference in the morphologies of epoxy thermosets
containing different graft copolymers with identical
composition could be also associated with the 
molecular weights of the graft copolymers. The 
difference in molecular weights has exerted some 
significant influence on viscosity, rheokinetics of
microphase separation and viscoelasticity of
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(a) (c)

(b) (d)

Figure 7. Morphology of the fractured surfaces of cured epoxy resins modified with graft copolymers (30 wt%):
(a) F6-PMS50 modified epoxy resin, (b) F6-PMS70 modified epoxy resin, (c) F6-PMS100 modified epoxy resin,
and (d) F6-PMS150 modified epoxy resin.



microphase, etc. in situ polymerization blending 
systems and thus the morphological structures of the
blends were affected [25]. 

As observed from Figure 7, microsphere structures
were also obtained for the modified epoxies with 
30 wt% F6-PMS50 or F6-PMS70 of DGEBA. The
increasing size of the fine particles with higher 
content of F6-PMS50 might be associated with the 
re-agglomeration or coalescence of the dispersed
phases [27]. However, with increased content of F6-
PMS70 to 30 wt%, there appear spherical particles on
the surface of the composite in Figure 7b; which is
thought to be the result of the phase inversion, where
polysiloxane forms a continuous phase, whereas the
cured epoxy forms a dispersion phase [23]. This has
been confirmed by the low strength of the F6-PMS70
modified epoxy resin (pressed gently by a finger, it
fell into pieces). The fracture surfaces of the F6-
PMS100 and F6-PMS150 modified epoxies are
coarse, and have no obvious phase separation, which
could be due to the better miscibility of F6-PMS100
and F6-PMS150 with epoxy matrix, relative to F6-
PMS50 and F6-PMS70. 

Mechanical Properties of the Cured Samples
The toughness of silane-modified epoxy resins was
determined in terms of the tensile and impact strength.
The data of the tensile and impact strength are 
exhibited in Figures 8 and 9.

Here, the relationship between miscibility and
toughness for the epoxy resin/polysilxoane graft
copolymer blends was investigated. As shown in
Figure 8, relative to the neat epoxy resin, the tensile
and impact strength both decreased for the F6-PMS30
modified epoxy resin, attributed to the macroscopic
phase separation which seriously affected the cross-
linking density of the epoxy network, as it not only
toughens the epoxy resin but also weakens the force at
per unit area. Then the tensile and impact strength
rose to a definite degree and kept basically invariable.
When the polyether content has reached at least 
50 wt% (F6-PMS50), the impact strength of the the 
modified epoxy resins rose to higher values than that
of the neat epoxy resin, because the graft copolymers
with more than 50 wt% polyether could disperse in
the epoxy matrix homogeneously, and form nano-
structures which could dissipate the energy at the 

Figure 8. Tensile and impact strength of modified epoxy
resins with and without graft copolymers (5 wt% relative to
epoxy) as a function of polyether content relative to 
polysiloxane.

fracture of the propagation surfaces, and hinder the
further crack propagation [28]. Because polysiloxane
has a low Tg (~ -123°C), even at low temperature,
polysiloxane chain is flexible and mobile in nature,
and the energy transfers from the crack can dissipate
by the segmental motion. With the increase in 
polyether content, the interaction between the nano-
structures and the epoxy matrix becomes strong; the
energy from crack growth can easily transfer to the 
nanostructures, so the impact strength is increased.
The F6-PMS50 modified epoxy resin shows lower
tensile strength than the neat epoxy resin, because

Figure 9. Tensile and impact strength of modified epoxy
resins with and without F6-PMS100 as a function of F6-
PMS100 content relative to DGEBA.
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besides the toughening of the F6-PMS50, the tensile
strength is related to cross-linking density of the
epoxy network, the interaction between the 
molecules and the bond strength. For the F6-PMS50
modified epoxy resin, the interaction between epoxy
matrix and the nanostructures are not strong enough,
and the strong Si-O-Si chains (the energy of Si-O
bond (450 kJ/mol) are higher than C-C (345 kJ/mol)
and C-O bonds (351 kJ/mol)) embedded in the
microparticles and not being well utilized, thus the
force at per unit area is decreased. With the polyether
content increasing, the interaction between epoxy
matrix and nanostructures becomes stronger, and due
to the compatibility of polyether, part of the Si-O-Si
chains of F6-PMS100 and F6-PMS150 might 
interpenetrate with epoxy network, and reinforce the
epoxy resin, resulting in higher tensile strength 
values. The tensile strength of F6-PMS150 
modified epoxy resin was not, however, improved
compared with F6-PMS100 modified epoxy resin.
This is because the increased polyether chains
increased the interaction between the graft 
copolymers and epoxy matrix, although the content of
strong Si-O-Si chains was decreased.

Figure 9 exhibits the changing trends of tensile and
impact strength of the F6-PMS100 modified epoxy
resins with the F6-PMS100 content. As it is observed,
the tensile strength and impact strength of modified 
epoxies first increases with the increase in 
F6-PMS100 content before 5 wt%, which is due to the
reduced internal stress and the toughness of the F6-
PMS100 microphases [29]. When the modifier con-
tent is increased up to 10 wt%, the modified 
polysiloxanes aggregation happens in the modified
epoxy resins, and the size of second phase is so big
that it has seriously affected the cross-linking density
of the epoxy networks, resulting in low tensile and
impact strength. Hence, it may be concluded that this
type of graft copolymer can be effective in toughening
epoxy systems at relatively low content.

CONCLUSION

The amphiphilic polysiloxane graft copolymers were
successfully synthesized by hydrosilylation between
poly(methylhydrosiloxane) and polyether (F6). By

introducing polyether into the polysiloxane, the 
miscibility between polysiloxane and epoxy matrix
was improved. With the polyether content increasing,
the graft copolymer became more and more 
epoxy-miscible. Compared with the neat epoxy 
network, the Tgs of the polysiloxane modified 
epoxies decreased and with the increase in polyether
content, the decreasing trend of Tg became smaller.
The amphiphilic graft copolymer can form 
microspheres in epoxy resin, mainly dependent on the
polyether content in graft copolymer and the graft
copolymer content in epoxy resin. The microphase
separation follows self-assembly and reaction-
induced mechanisms and it is strongly dependent on
the miscibility of graft copolymer with epoxy matrix.
Moreover, the tensile and impact strength of epoxy
resin can be greatly improved by introducing 
a low amount of graft copolymer with proper 
polyether content. 
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